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SUMMARY 

The  mission  of  the  Blue  Angel  Fll^t  Demonstration  Sqtiadron  Is  to 
demonstrate  precision  techniques  of  Naval  aviation.  The  flight  demon- 
stration consists  of  six  aircraft,  four  “diamond"  and  two  “solo,"  which 
perform  a prescribed  sequence  of  precise  aerobatic  and  close  formation 
maneuvers  at  low  altitudes.  The  maneuvers  performed  represent  tactical 
techniques  developed  In  practice  and  actual  combat.  During  such  maneuvers, 
pilots  and  aircraft  are  repeatedly  subjected  to  hl^  magnitude  positive 
and  negative  loads  or  “g's."  This  type  of  flight  loading  significantly 
affects  aircraft  fatigue  life  expectancy. 

The  Blue  Angel  Structural  Fatigue  Life  Monitoring  Program,  AIRTASK 
A53S30/ 202/78012-74-84,  sponsored  by  the  Naval  Air  Systems  Conmand 
(AIR-530),  combines  flight  usage  data  with  cumulative  fatigue  damage 
theory  and  test  results  to  determine  the  structural  fatigue  life  expended 
for  each  aircraft.  The  objective  of  this  program  I9  to  maximize  operational 
availability  of  squadron  aircraft  without  compromising  structural  reliability 
and  safety  of  flight. 

Reported  herein  are  Blue  Angel  flight  usage  data  representing  2700.4 
hours  of  counting  accelerometer  reports  and  363.2  hours  of  VGH  oscillograph 
records  collected  during  1976.  This  data  Is  used  to  generate  cumulative 
exceedance  spectra  for  various  Blue  Angel  mission  utilizations  idilch 
have  application  In  fatigue  life  calculations  and  the  Identification  of 
extreme  or  excessive  exceedance  trends  beneflclal/detrlmental  to  prolonging 
fatigue  life.  Normal  acceleration,  airspeed*  altitude,  and  gross  weight 
data  presented  furnish  Information  regarding  changes  In  "point  In  the  sky" 
assumptions  required  for  fatigue  analyses. 

Data  presented  In  this  report  Indicate: 

1.  Solo  show  Is  the  most  severe  among  1976  mission  utilizations 
(l.e.,  frequency  of  "g"  counts  exceeds  all  other  type  flights). 

2.  The  diamond  slot  (#  4)  and  solo  (#*8  5 and  6)  aircraft  show 
an  Increase  (compared  to  1974/5  usage)  In  the  rate  per  hour  of  hl^ 
positive  "g"  loads  and  a decrease  In  frequency  (counts  per  hour)  of 
extreme  negative  "g"  loads. 


3.  The  average  aircraft  gross  weight  at  which  maneuvers  are 
performed  decreased  In  1976  (based  on  aircraft  #4,  #5,  #6 
data)  from  1974/1975. 
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BACKGROUND 

Since  1974,  A-4F  Blue  Angel  aircraft  have  been  equipped  with  counting 
accelerometers  and  oscillograph  recorders  for  the  purpose  of  monitoring 
structural  fatigue  integrity  (i.e.,  fatigue  life  expended)  on  a continuous 
basis.  This  report  presents  flight  usage  data  accumulated  during  the  1976 
calendar  year  and  Is  a continuation  of  1974-75  data  presented  in  NAVAIRDEVCEN 
Report  No.  76276-30  of  30  June  1976.  Blue  Angel  flight  maneuver  data 
reported  herein  is  used  for  individual  aircraft  fatigue  life  expended 
calculations  and  the  identification  of  trends  beneficial/detrimental  to 
prolonging  aircraft  fatigue  life.  Included  in  this  report  are: 

a.  Counting  accelerometer  cumulative  exceedance  data  for  each 
Blue  Angel  aircraft  by  aerial  ntmber. 

b.  Positive  and  negative  cumulative  exceedance  rates  for  each  Blue 
Angel  mission  utilization. 

c.  Airspeed,  altitude,  and  gross  weight  data  for  "point  in  the  sky" 
fatigue  analyses  assumptions  and  trend  monitoring. 

For  the  purpose  of  this  report.  Blue  Angel  service  usage  is  classified 
into  eight  mission  utilization  categories  as  follows: 

solo  show 
solo  practice 
diamond  show 
diamond  practice 
cross  country 
checkout 
unknown 
other 

The  above  categories  completely  define  the  Blue  Angel  flight 
syllabus.  The  latter  two  utilizations  account  for  flights  for  which 
little  or  no  information  is  available  and  are  used  primarily  for 
classification  of  counting  accelerometer  data  (i.e.,  "unknown"  refers 
to  unidentified  flights /data  from  any  of  the  other  categories,  while 
"other"  refers  to  flights /data  which  do  not  fit  any  of  the  above 
categories). 

INSTRUMENTATION 

Appendix  A contains  detailed  descriptions  of  both  the  counting 
accelerometer  and  oscillograph  recorders.  Counting  accelerometer  units 
(transducer  and  indicator)  are  installed  in  all  A-4F  Blue  Angel  aircraft 
while  oscillograph  systems  are  installed  only  in  the  two  solo  (#5  and  #6) 
and  diamond  slot  (#4)  position  aircraft.  Table  I contains  the  1976  Blue 
Angel  aircraft  position  history  and  also  includes  a listing  of  pilots. 

It  is  noted  that  oscillograph  data  was  not  obtained  from  the  #5  solo 
position  aircraft  after  March  1976  due  to  fire  damage  and  economical 
considerations . 
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DATA  PROCESSING 


Counting  accelerometer  data  are  submitted  monthly  for  each  Blue  Angel  | 

aircraft  using  the  forms  of  Figure  1.  These  forms  contain  dally  | 

flight  by  flight  Information  Including  flight  date,  duration,  mission  | 

utilization,  and  counting  accelerometer  readings.  Upon  receipt  at  | 

NAVAIRDEVCEN,  Individual  aircraft  data  are  quality  controlled  and  class-  1 

Ifled  by  mission  utilization.  1 

Oscillograph  data  are  forwarded  to  NAVAIRDEVCEN  weekly  on  paper  ^ j 

tape  records  and  processed  as  described  In  reference  (a) . Computer 
listings  of  osclllogra{di  dataycomplled  for  each  Instrumented 

aircraft,  contain  sequential  values  of  normal  acceleration  peak  values  ^ 1 

along  with  simultaneous  values  of  airspeed,  altitude,  and  gross  weight. 

With  each  oscillograph  record,  the  squadron  forwards  pilot  flight 
reports  (Figure  2)  to  aid  In  the  clarification  and  verification  of 
oscillograph  data.  These  reports  are  completed  following  each  flight 
1 and  contain  counting  accelerometer  readings  along  with  other  pertinent 

flight  Information.  Pilot  flight  reports  provide  the  link  required 
to  relate  oscillograph  to  counting  accelerogteter  data  by  Individual 
flight  and  mission  utilization. 


DATA  METHODS  AND  RESULTS 

As  Indicated  In  Table  II,  2700.4  hours  of  acceptable  counting 
accelerometer  data  were  collected  In  1976.  Appendix  B contains 
the  counting  accelerometer  cumulative  exceedance  history  for  each 
1976  A-4F  Blue  Angel  aircraft.  The  total  1976  counting 
accelerometer  exceedances  and  flight  hours  for  each  mission 
utilization  (all  aircraft)  Is  Indicated  In  Table  III.  It  Is  noted 
that  "check-out,"  "unknown,"  and  "other"  utilizations  are  excluded 
because  they  are  not  normally  scheduled  missions  and  contain  little 
data  compared  to  the  other  utilizations.  The  ratio  of  Table  III 
data  to  a 1000  hour  base  yields  the  1976  cumulative  exceedance 
rate  per  1000  hours  for  each  mission  utilization  (as  shown  on 
the  last  line  of  Table  III). 

Coxmtlng  accelerometer  data  only  reflects  maneuver  activity  at 
the  positive  5g  through  8g  levels.  To  obtain  exceedance  data  at 
both  positive  and  negative  "g"  load  levels,  451.8  hours  of 
oscillograph  data  were  collected  during  1976.  For  each  oscillograph 
Instrumented  aircraft,  utilization  cumulative  exceedances  are 
determined  by  employing  the  following  criteria: 

a.  Selecting  only  those  oscillograph  flights  which,  via  matching 
pilot  flight  reports,  correspond  to  flights  from  counting  accelerometer 
reports  (thereby  Identifying  the  mission  utilization  of  the  oscillograph 
flight  data) . 


: 
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b.  Oscillograph  flights  identified  from  counting  accelerometer 
reports  as  "checkout,"  "unknown,"  or  "other"  utilisations  are  not 
considered  because  of  insignificant  amounts  of  data  in  these  categories. 

c.  Exceedance  ranges  of  one  g (i.e.,  5.00  to  5.99,  -1.00  to 
-1.99,  etc.)  are  employed  from  +2.00g  and  above  and  from  -l.OOg 
and  below.  At  zero  g,  an  Interval  from  -0.99g  to  ■f0.25g  was  used 
to  correspond  with  reference  (b). 

Based  on  the  above  criteria,  363.2  hours  of  oscillograph  data 
were  selected  for  analysis.  For  each  oscillograph  instrumented 
aircraft.  Table  IV  indicates  exceedances  (5g  to  8g)  for  the  selected 
> data  and  the  corresponding  counting  accelerometer  exceedances. 

Table  V contains  the  1976  cumulative  (positive  and  negative)  exceedance 
summary  and  associated  flight  hours  for  each  oscillograph  Instrumented 
aircraft  according  to  mission  utilization.  Summation  of  respective 
utilization  exceedances  over  all  aircraft  yields  the  total  utilization 
exceedance  summary  of  Table  VI.  The  ratio  of  Table  VI  data  to  a 1000 
hour  base  results  in  the  1976  cumulative  utilization  exceedance  rates 
per  1000  hours  indicated  in  Table  VII. 

Table  VIII  shows  the  utilization  cumulative  exceedance  rates 
per  1000  hours  for  1974  and  1975  (from  reference  (a))  as  well  as 
the  combined  1974/1975  and  1974/1975/1976  rates. 

Cumulative  utilization  exceedance  rates  per  1000  hours  obtained 
from  both  counting  accelerometer  and  oscillograph  data  are  plotted  in 
Figures  3 through  14.  For  graphical  purposes^  all  exceedance  ranges 
are  plotted  at  the  low  range  endpoint  for  positive  exceedance  ranges, 
at  the  high  range  endpoint  for  negative  exceedances  (i.e.,  plotted 
at  5.00  for  the  5.00  to  5.99  range,  plotted  at  -1.00  for  the  -1.00 
to  -1.99  range),  and  at  0.00  for  the  -0.99  to  +0.25  range.  VAiere 
plotted  points  do  not  fall  on  a smooth  line,  curves  are  faired. 

Exact  points  may  be  obtained  from  appropriate  tables. 

Figures  3 and  4 present  1976  counting  accelerometer  practice 
versus  show  rates  for  solo  and  diamond  usage,  respectively.  Figures 
5 through  9 present  1976  versus  1974  and  1975  counting  accelerometer 
exceedance  rates  per  1000  hours  for  solo  show,  solo  practice,  diamond 
show,  diamond  practice,  and  cross  country  utilizations,  respectively. 
Figures  10  through  14  present  1976  versus  combined  1974/75  oscillograph 
exceedance  rates  (with  counting  accelerometer  5 to  8g  exceedance 
rates  also  indicated)  for  the  same  above  utilizations,  respectively. 

In  addition  to  recording  maneuver  load  (normal  acceleration) 
histories,  oscillograph  units  provide  a continuous  time  history  of 
aircraft  airspeed  and  altitude.  These  parameters  can  affect  the 
critical  flight  condition  or  "point  in  the  sky"  (airspeed  and 
, altitude  at  which  all  maneuvers  are  assumed  to  occur)  assumed  for 

full  scale  fatigue  tests  and  fatigue  analyses  by  influencing  such 
factors  as  wing  center  of  pressure,  wing  loading  distributions, 
tall  loads,  etc.  Based  on  the  363.2  hours  of  selected  oscillograph 
data.  Appendix  C presents  airspeed  and  altitude  versus  "g"  discrete 
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exceedance  data  for  the  solo  (BUNO'S  154984,  154986)  and  diamond 
(BUNO  154179)  positions  without  regard  to  utilisation  (i.e.,  solo 
practice,  solo  show,  cross  country,  are  all  included  in  the  solo 
category).  Altitude  bands  selected  range  from  sea  level  to  9143.7 
metres  (30,000  ft.)  for  airspeed  values  ranging  from  51.4  to 
333.9  m/s  (100  to  649  knots)  in  increments  of  25.7  m/s  (50  knots). 
Exceedance  ranges  are  those  which  were  previously  used  for  oscillograph 
data.  Also  indicated  Is  the  average  aircraft  gross  weight  during 
recorded  maneuvers  for  the  altitude  band  indicated.  Table  IX  presents 
the  percentage  of  total  discrete  exceedances  occurring  within  altitude 
and  airspeed  intervals  for  1976.  Table  X presents  similar  data  for 
the  combined  1974/75  seasons  from  reference  (a).  Table  XI  shows  a 
comparison  of  1976  (Appendix  C)  versus  combined  1974/1975  (reference 
(a))  average  aircraft  flight  gross  weight  for  various  altitude  bands. 


OBSERVATIONS 


Solo  Show 

As  in  1974  and  1975,  this  is  the  most  severe  among  all  utilisations 
with  respect  to  exceedance  frequency.  Counting  accelerometer  and 
oscillograph  1976  exceedance  rates  per  1000  hours  between  5g  and  8g 
are  higher  than  those  of  previous  years  while  severe  negative  "g" 
activity  sharply  declined  (both  frequency  and  magnitude)  in  1976 
from  the  previous  year  (Figures  5 and  10).  The  latter  may  have  been 
Influenced  by  the  lack  of  show  data  from  the  #5  solo  position 
aircraft  after  March,  1976  due  to  the  fire  mentioned  previously. 

Solo  Practice 

In  1976,  this  was  the  second  most  severe  of  all  utilizations  with 
exceedance  rates  between  5g  and  8g  higher  than  those  of  previous  years 
(Figure  6).  As  with  the  solo  show  utilization,  severe  negative  "g" 
activity  sharply  declined  in  1976  from  the  previous  year  (Figure  11). 
Lack  of  solo  practice  (oscillograph)  data  after  March,  1976  from  the 
#5  solo  aircraft  may  be  responsible  for  the  differences  in  solo  practice 
counting  accelerometer  and  oscillograph  exceedance  rates  at  the 
high  g levels  as  shown  in  Figure  11. 

Diamond  Show 

It  is  noted  that  oscillograph  diamond  rates  reflect  only  M 
diamond  slot  position  aircraft  activity,  while  counting  accelerometer 
rates  represent  data  from  all  diamond  aircraft.  The  relative  severity 
of  exceedance  frequency  for  the  diamond  slot  aircraft  at  high  positive 
"g'*  levels  is  reflected  by  differences  in  oscillograph  and  counting 
accelerometer  rates  indicated  in  Figure  12.  Oscillograph  rates 
indicate  a significant  increase  in  7g  and  8g  activity  in  1976  from  the 
previous  year  with  a slight  decrease  in  activity  at  the  -Ig  level. 
Counting  accelerometer  rates  in  1976  are  consistent  with  those  of 
previous  years  except  at  the  8g  level,  \diere  a noticeable  decrease 
in  activity  occurred  (Figure  7).  This  decrease  appears  to  be 
consistent  with  a progressive  trend  at  this  g level  since  1974. 
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Diamond  Practice: 


Rates  for  this  utilization  in  1976  show  a significant  Increase 
I from  previous  years  in  7g  and  8g  activity  and  a decrease  to  boto 

magnitude  and  frequency  of  negative  g exceedances,  (Figures  8 and  13). 

Here,  as  previously,  differences  to  counting  accelerometer  and  oscillograph 
rates  are  due  to  differences  in  the  number  of  aircraft  represented  by 
the  data. 

* Cross  Country; 

Counting  accelerometer  rates  based  on  data  from  all  aircraft 
' for  this  utilization  to  1976  are  generally  consistent  with  those 

of  previous  years  (Figure  9).  Oscillograph  rates  to  1976  (Figure  14) 
show  a marked  decrease  in  negative  g magnitude  and  frequency  and 
a slight  decrease  in  positive  g frequency  from  the  previous  year 
(perhaps  due  to  the  lack  of  #5  solo  oscillograph  data  after  March,  1976). 
Differences  between  counting  accelerometer  and  oscillograph  rates  to 
Figure  14  are  due  primarily  to  the  large  relative  percentage  of  solo 
aircraft  data  reflected  to  the  oscillograph  rates,  and  the  fact  that 
solo  aircraft  are  prone  to  a hi^er  frequency  of  exceedances  than 
diamond  aircraft. 

Counting  accelerometer  versus  Oscillograph; 


Table  IV  indicates  both  oscillograph  and  counting  accelerometer 
5g  to  8g  level  cumulative  utilization  exceedances.  It  is  noted  that 
exceedances  are  grouped  into  pre-selected  ranges  at  each  g level 
(l.e.,  5.00-5.99,  6.00-6.99,  etc.);  however,  counting  accelerometer 
g level  ranges  are,  in  reality,  dependent  on  individual  transducer 
calibration  values.  Calibration  specifications  require  the  counting 
accelerometer  to  operate  within  + O.lg  at  the  5.0  and  6.0g  levels 
and  within  + 0.15g  at  the  7.0  and  8.0g  levels.  Differences  to  the 
number  of  exceedances  recorded  by  both  oscillograph  and  coxuiting 
accelerometer  may  therefore  be  due  to  differences  in  g level  ranges 
(e.g.,  at  the  5g  level  the  oscillograph  range  is  5.00-5.99g,  while 
the  counting  accelerometer  lower  range  limit  value  may  be  between 
4. 9 -5.1  with  upper  range  limit  value  between  5. 9-6.1).  Differences 
between  oscillograph  and  counting  accelerometer  exceedances  indicated 
in  Table  IV  data  are  considered  to  be  consistent  with  the  above 
differences  to  g level  range  thresholds. 


It  is  noted  that  the  maximum  and  minimum  "g"  values  for  each  of 
the  oscillograph  instrumented  aircraft  (based  on  363.2  hours  of 
oscillograph  data)  and  the  utilization  during  which  these  values 
were  recorded  are  as  follows: 


BUNO 

MAX 

MIN 

UTILIZATION 

154179 

9.32 

-1.84 

Diamond  show 

154984 

8.93 

-3.13 

Solo  Practice 

154986 

8.84 

-3.07 

Solo  Practice 
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VGH  Data 

Based  on  Appendix  C oscillograph  data,  Tables  IX,  X,  and  XI  Indicate 
the  following: 

a.  An  Increase  in  1976  from  previous  years  in  both  solo  and 
diamond  exceedances  experienced  at  the  high  altitude  range  4571.7  *■  9143.7 
metres  (15,000  - 30,000  feet). 

b.  An  Increase  in  1976  from  previous  years  in  the  percent  of 
exceedances  (solo  and  diamond)  experienced  at  lower  airspeeds. 

For  example , 

diamond  1974/75:  76%  < 205.6  m/s  (400  knots) 

diamond  1976:  93%  < 205.6  m/s  (400  knots) 

solo  1974/75:  71.4%  < 205.6  m/s  (400  knots) 

solo  1976:  77.4%<  205.6  m/s  (400  knots) 

c.  A decrease  in  1976  from  previous  years  of  both  solo  and 
diamond  average  aircraft  gross  weights  during  maneuver  exceedance. 


COMCLUSIOMS 
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The  following  are  general  conclusions/trends  based  on  data  contained 
In  this  report. 

a.  Solo  show  Is  the  most  severe  among  1976  mission  utilisations  with 
respect  to  exceedance  frequency. 

b.  In  1976,  the  diamond  slot  (M)  and  both  solo  (#5  and  #6) 
position  aircraft  are  experiencing  hl^  positive  g's  more  frequently 
and  severe  negative  g's  less  frequently  than  in  1974/75. 

c.  Blue  Angel  #4,  #5,  and  position  aircraft  are  experiencing 
exceedances  at  lower  average  gross  weights  In  1976  than  In  previous 
years . 
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CUMUUTIVE  EXCEEDANCES  PER  1000  HOURS 
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FIGURE  8.  COUNTING  ACCELBRIMETER  1974/1975/1976  RATES 
PER  1000  HOURS  - DIAMCSn)  PRACTICE 
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FIGURE  9.  COUNTIHG  ACCBLBROMBTBR  1974/1975/1976  RATES 
PER  1000  HOURS  - CROSS  COUNTRY 
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FIGURE  13.  BLUE  AMGEL  ACCELERATION  EXCEEDANCE  RATES  1974/1975  vs 
1976  - OSCILLOGRAPH  DATA  - DIAMOND  PRACTICE 
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TABLE  1 

BLUE  ANGEL  1976  PILOTS  AND  AIRCHAJPT  POSITION  HISTCMIY 

AIRCRAFT  POSITION  PILOT 


1 

CMDR.  K.  JCmES 

2 

CAPT.  W.  HOLVERSTOTT 

3 

LT. 

A.  CISNEROS 

4 

LT. 

J.  PATTWl 

5 

LT. 

D.  SAPP 

6 

LT. 

J.  MILLER 

7 

(NARRATOR) 

LT. 

N.  KRAFT 

AIRCRAFT 

SERIAL  NO. 

J 

F 

M 

A 

M 

J 

J A 

S 

0 

N 

D 

154984 

5 

5 

5 

* 

* 

* 

* * 

* 

* 

* 

* 

154983 

1 

1 

1 

1 

1 

1 

1 1 

1 

1 

1 

- 

154975 

PAR 

PAR 

PAR 

PAR 

PAR 

5 

5 5 

5 

5 

5 

- 

154986 

6 

6 

6 

6 

6 

6 

6 6 

6 

6 

6 

155029 

3 

3 

3 

3 

3 

3 

3 3 

3 

3 

3 

- 

154179 

4 

4 

4 

4 

4 

4 

4 4 

4 

4 

4 

- 

154176 

7 

7 

7 

5 

5 

7 

7 7 

7 

7 

7 

- 

154177 

2 

2 

2 

2 

2 

2 

2 2 

2 

2 

2 

NOTE:  BUNO  154984  - FIRE  3/30/76 
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TABLE  III 


13146  SS20  1512  260  I 9S05  314S  379 


HOURS 


1241  487  113 


7.00  4 S ^ 7.99 


HOCUS  65.5  *8.4  ' 86.2  43.5  I 119.6 
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TABLE  IX 

diamcmd  and  solo  survey 

PERCENT  EXCEEDANCES  IN  ALTITUDE  AND  AIRSPEED  RANGES  • 1976 


PERCENT  OF 
TOTAl.  EXCEEDANCES 


(TOTAL  - 5,917) 


ALTITUDE  RANGE 
METRES  (FT) 


PERCENT  OF 
TOTAL  EXCEEDANCES 


(TOl'AI.  - 11,903) 


A < 609.3(2,000) 
609.3(2,000)  4 A<  1523.7(5,000) 
1523.7  (5,000)4  A < 30«7. 7(10,000) 
3047.7(10,000)  4 A <4571.7(15,000) 
4571.7(15,000)  4 A < 9143.7(30,000) 

SOLO  - 1976 


ALTITUDE  RANGE 
METRES  (FT) 


PERCOrr  OF  TOTAL  EXCEEDANCES 
n ALTITUDE  RANGE 


A < 609.3(2,000) 
609.3(2,000)  4 A<  1523,7(5,000) 
1523,7(5,000)  4 A <3047.7(10,000) 
307*7.7(10,000)4  A < 4571.7(15,000) 
4571.7(15,000)  4 A < 9143.7(30,000) 
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TABU  X 

DIAMOND  AND  SOLO  SURVEY 

PERCENT  EXCEEDANCES  IN  ALTITUDE  AND  AIRSPEED  RANGES  - 1974/1975 
DIAMOND  - 1974/1975  I 


PERCENT  OF 
TOTAL  EXCEEDANCES 


(TOTAL  - 10,495) 


ALTITUDE  RANGE 
METRES  (FT) 


PERCENT  OF  TOTAL  EXCEEDANCES 


4 ALTITUDE 

RANGE 

300  KTS 

400  KTS 

<v< 

4V< 

400  KTS  . 

500  KTS 

AVERAGE  AIRCRAFT  GROSS  WEIGHT  1974/1975  vs.  1976 
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Inatrumentatlon  Description 

The  Century  model  409  oscillograph  system  (Figure  A-1),  consisting 
of  the  oscillograph,  bridge  balance  unit,  pressure  and  acceleration 
transducers,  and  associated  components,  was  designed  for  applications 
where  space  and  weight  requirements  are  critical,  as  well  as  for  adverse 
shock,  vibration,  and  temperature  conditions.  Weighing  approximately 
9.072  kilograms  (20  pounds)^  this  system  is  capable  of  continuously 
monitoring  eight  flight  parameters,  each  simultaneously  recorded 
on  a photosensitive  film  or  paper.  (Figure  A-2  shows  the  recording 
galvanometers  used  In  this  unit.)  In  principle,  the  oscillograph 
records  deviations  of  current  flow  In  a galvanometer  coll  from  those 
current  values  associated  with  level  flight.  Each  fll^t  parameter  ' 

Is  associated  with  Its  own  transducer  and  galvanometer.  As  the 

transducer  changes  the  current  flow  In  the  galvanometer  coll,  J 

motor  action  deflects  the  mirror  In  a direction  and  amount  determined 

by  the  transducer  output.  As  the  mirror  Is  deflected,  the  trace 

of  the  light  beam  Is  recorded  on  the  moving  film  or  paper  via  the 

optical  system  shown  In  Figure  A-3.  Using  a series  of  collimating 

mirrors,  the  light  beam  Is  narrowed  until  the  projection  of  light  { 

from  each  galvanometer  on  the  film  (or  paper)  Is  a very  small  spot.  j 

When  several  flight  parameters  (galvanometers)  are  being  recorded, 

necessary  trace  Identification  Is  made  by  momentarily  Interrupting  | 

each  light  path  In  sequence.  Since  the  sequence  of  Interruption  J 

Is  Independent  of  the  trace  position  on  the  film  (or  paper) , it  Is  | 

always  possible  to  determine  which  galvanometer  Is  responsible  for  a ! 

particular  trace.  The  rate  of  Interruption  varies  with  film/ (paper)  | 

speed,  so  regardless  of  that  speed,  a trace  Is  Interrupted  the  same  i 

ntimber  of  times  In  a given  length  of  record.  Magazines  of  the 

light  sensitive  film,  called  records,  are  45.72  metres  j 

(150  feet)  long  and  are  capable  of  recording  approximately  five  hours 
of  flight  time  (the  oscillograph  Is  activated  only  In  the  whmels  up  | 

configuration)  at  a rate  of  0.1524  metres  (6  Inches)  per  minute. 

Oscillograph  units  for  the  A-4F  Blue  Angel  flight  usage  data  study  j 

provide  a continuous  time  history  of  aircraft  airspeed,  altitude,  | 

and  normal  acceleration.  The  recording  portion  of  the  oscillograph  j 

In  all  Instrumented  aircraft  Is  located  at  fuselage  station  20  In  | 

the  nose  compartment.  Airspeed  and  altitude  transducers  are  located 
approximately  at  fuselage  station  30.0.  The  normal  acceleration 

transducer,  mounted  on  rigid  structure  close  to  the  aircraft  center  j 

of  gravity  to  eliminate  angular  accelerations.  Is  located  at  fuselage 

station  236.0  port  side  frame.  i 

j 

Systron-Donner  counting  accelerometer  units  (Figure  A-4)  weighing  j 

approximately  2.268  kilograms  (5  pounds),  provide  an  automatic,  j 

In-fllght  (wheels-up)  permanent  record  of  normal  acceleration  at  four  i 

pre-set  load  or  "g"  levels.  The  transducer  Is  a solid  state,  force-balance 
device  whose  output  voltage  Is  Indicative  of  the  Induced  magnetic  field  j 

voltage  required  to  return  a mass  to  Its  neutral  (level  flight) 

position.  Output  voltage  Is  registered  by  the  Indicator  via  window  | 

counters,  with  each  window  corresponding  to  a different  load/g  level.  ^ 

By  taking  periodic  readings  and  comparing  with  previous  readings,  the  | 

cumulative  number  of  exceedances  at  each  level  can  be  determined  for  j 

the  time  Interval  between  readings. 
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Counting  accelerooBter  units  Installsd  In  Blue  Angal  aircraft 
for  this  atudy  aaasure  normal  accelerations  at  the  5.0,  6.0,  7.0, 
and  8.0g  levels.  These  units  are  referred  to  as  "dash  seven"  ty^. 
MIL  SPEC  A-22145BAS  (February  28,  1970)  requires  the  counting 
accelercneter  to  operate  within  ± O.lg  at  the  9.0  and  6.0g  levels, 
and  within  + 0.15g  at  the  7.0  and  8.0g  levels.  The  transducers 
are  located  at  fuselage  station  236.0  port  side  frame,  beside  the 
oscillogram  transducer.  Indicators  are  located  in  the  portside 
landing  gear  wheel  well. 


i 


L 


RECORDER 

APPROK.  30.5cm,  X l5.7cmo  X 15.7 
(12"  X 6 " X 6") 


Figure  Ai-1.  Oscillograph  System 
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FIGURE  A>2:  GALVANOMETER  UNIT 
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FIGURE  A-3:  OSCILLOGRAPH  OPTICAL  SYSTEM 
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APPENDIX  B 

BLUE  ANGEL  AIRCRAFT  COUNTING  ACCELEROMETER 
DATA  BY  UTILIZATION  FOR  1976 


B-1 


< 


BLUE  ANGEL  COUNTING  ACCELEROMETER  DATA 


TOTALS  428.7  426.4  172 


bli't:  axgel  counting  accelerometer  data 
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